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What is Claimed: 



A masking aperture for an illumination system to provide controlled 
illtoiination of a photomask with two dimensional features comprising: 
a translucent substrate; 

avhalf-tone dithered image on the substrate, said half-tone dithered image 
comprising\n array of pixels for generating a continuous illumination intensity 
pattern on the ^tomask with illumination intensity at any location controlled by the 
10 half-tone dithered njiage. 

2. The masking a)serture of claim 1 wherein each pixel is a clear or opaque type, 
said clear and opaque pix^s for respectively passing and blocking incident light, 
wherein the number, size, ari^ tyie oHfte pixels are chosen in accordance with: 

(a) the wavelength (i^^j^htTlsed to illuminate the photomask, and 

(b) the size and shape of tfte features of the photomask. 
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3. The masking aperture of claim I w^ein the half-tone dithered image 
comprises an array of diffraction elements and^j^ch diffraction element is a dithered 
20 image of clear or opaque pixels. 
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4. The masking aperture of claim 3 wherein each diffrac^i»ielement comprises 
an n X n dithered matrix of pixels, the intensity of each element isdfe^ined by the 
number and type of pixels in its dithered matrix and wherein the pixelsl^ch matrix 
are dithered to avoid artifacts. 
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TToejiiaski Bg apprtiirp of claim 3 wh e r e in the rolativo intensi t y of cadi clement 
I by a recursion relationship where: 
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^^^"^'^^JEasking^aper^ of clairp-8 wherein the zones comprise an annular ring 
and one or more zoneT^^dtlTsRapes^^ consisting of 

vS5uare,^elliptical, ring, square ring>©iftukr ringed combinationsTHel 
I 

^ A method for controlling on-axis and off-axis illumination of a photomask 
comprising the steps of: 

directing a beam of light of a selected wavelength toward a pupil of an 
illumination system; 

passing the beam of light through a fly's eye lens located near the pupil; 

diffracting the light through a masking aperture having a halftone diffraction 
pattern of dithered pixels patterned for distributing the light into two or more zones. 



The method of claim 22 wherein said half-tone dithered image comprises an 
arraybC^els, each pixel of a clear or opaque type and of the same size, said 
clear and ooabne mxels for respectively passing and blocking incident light, 
wherein the numbe^^ig^d type of the pixels are chosen in accordance with: 

(a) the wavelengtlrt>f4i^used to illuminate the photomask, and 

(b) the size and shape of the^fcati^s of the photomask, for generating 
a continuous illumination intensity pattern on thepl^ofeai^sk with illumination 
intensity at any location controlled by the half-tone ditheredmfe 
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>fr The masking aperture of claim ^wherein the half-tone dithered image 

comprises an array of diffraction elements and each diffraction element is a 
dithered image of clear or opaque pixels. 

r 3 

The method of claim ^wherein each diffraction element comprise an « x « 
dithered matrix of pixels, the intensity of each element is defined by the number and 
type of pixels in its dithered matrix and wherein the pixels in each matrix are dithered 
to avoid artifacts. 




lij£iui_24wliereln the relative mtensity of each subpixel is 



defined by a recursion relationship wher&s 
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yf. The method of claim ^^herein the matrix of pixels comprises an 8 x 8 
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matrix and the relative intensity, D8, comprises: 
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The method of claim ^^herein the matrix of diffracting elements is selected 
from the group consisting of 2 x 2, 4 x 4, 8 x 8, 16 x 16, 32 x 32 and 64 x 64. 
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5 6. The masldng aperture ofclaim 5 wherein the matrijcoFpB.,. 
comprises an 8 x 8 matrix and the relative intensity, D8, comprises : 



0 32 8 40 2 34 10 42 
48 16 56 24 50 18 58 26 
12 44 4 36 14 46 6 38 
60 28 52 20 62 30 54 22 
3 35 11 43 1 33 9 41 
51 19 59 27 49 17 57 
15 47 7 39 13 45 5/37 
63 31 55 23 61 29/^3 21 



Z)8 = 



h element 



m the matrix of the diffracting elements 
4, 8 x 8, 16 X 16, 32 X 32 and 64 X 



10 7. The masking aperture of clai 

is selected from the group consistin/g of|^x 2 
65. 

8. The masking aperture of^inT 1 wherein the elements generate one or more 
zones of controlled intensity. 

1 5 9. The masking apertjiif e of claim 8 wherein the zones are symmetrical about the 
center of the masking aoerture. 
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10. The masking aperture of claim 9 wherein the zones have one shape selected 
from the group cjilhsisting of circles, squares, rectangles, and ellipses, rings, circular 
rings, square qflgs, or combinations thereof 



1 1. Th^masking aperture of claim 10 wherein the selected shape is a stepped 
square. 



25 12 / The masking aperture of claim 10 wherein the selected shape is an ellipse and 
th/ major axis of each ellipse is aligned at a 45-degree angle with respect to the center 
5f the masl 
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The masking aperture of claim 1 comprising one or more zones arranged 
letrical about the center of the masking aperture. 

1 4. The masking aperture of claim 1 comprising one or more zones arranged 
asymmetSKial about the center of the masking aperture. 

15. A maskingsaperture for an illumination system to provide controlled 
illumination of aphoWiask with two dimensional features, comprising: 

a translucent subshate; 

an array of diffractioflselements on the substrate and each diffraction element 
comprising a half-tone dithered noage of clear and opaque pixels; 

each half-tone image compri^g an array of pixels, each pixel of a clear or 
opaque type for respectively passing or Biocking incident light, wherein the number, 
size, and type of the pixels are chosen in ac^iaMaiice with: 

(a) the wavelength of light lised tJl^luminatp^he photomask, and 

(b) the size and shape of tHe feajm-^Tmhe photomask, for generating 
a continuous illumination intensity pattern on the photoma^with illumination 
intensity at any location controlled by the half-tone dithered im^ 

16. The masking aperture of claim 8 comprising a zone with a squ^^ng. 

1 7. The masking aperture of claim 1 6 wherein the zone comprises four translbognt 
slots. 

18. The masking aperture of claim 16 wherein the intensity in the square ring 
varies from 0 % to 100 %. 



19. The masking aperture of claim 16 wherein the intensity outside the square riig 
30 varies from 0% to 99%. 



20. The masking aperture of claim 16 wherein the square ring is combined wij 
one or more zones having a shape selected frnni ^hp prnup rnnnintin]jT!r?quarc7 



e llipticaL 



Lnn^, circular ring, or combinations thereof 
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The method of claim 29 wherein the zones are arranged asymmetrically about 
the centsi;of the rriasking aperture. 

32. The meth^dsof claim 29 the zones have one shape selected from the group 
5 consisting of circles, sqil&;5s, rectangles, ellipses, rings, circular rings, square rings 




and combinations thereof. 

33 . The method of claim 29 wherein the^ol^ted shape is a stepped square. 

1 0 34. The method of claim 29 wherein the zone(s) is shapeSlisaQ.ellipse and the 
major axis of each ellipse is aligned at a dmrpj irif ^lr wit h r m p cc t to thTLUirPr uf 
tlie4»arfdr[g aperture. 
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35 ^n illiimin n tbn rynt n ini^ ' 

a light source fo^^mitting light of selected wavelength(s) in an optical path 
toward a pupil, 

means for shaping th^ght from the source into a shaped illumination pattern 
having one or more zones wheres{]>e intensitybf the light in the zones varies to 



produce a shaped illumination p/tt( 
means for optically intdcrati 



for efich zones; 
light incident on the pupil; 
a square shaped aperture disposeXproximate the pupil for squaring the edges 
of the shaped illumination distribution patteim; and 

optical means for combining the shapedSjlumination to illuminate a 
photomask. 



36. The illumination system of claim 35 wherein the means h>r shaping the light 
comprises a plurality of masking apertures. 



30 37. The illumination system of claim 36 wherein one of the masking apb;^res 
comprises an opaque plate with one or more apertures. 



38. The illumination system of claim 37 wherein om 
corjipris«9-frtiaiislUCenrplate with a central obscuration. 
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J9. The illumination system of claim 38 wherein the obscuration is circular 
square. 



or 



5 40. \ The illumination system of claim 35 wherein the means for optically 
integraftng light is a fly's eye lens. 

4 1 . The IHumination system of claim 35 wherein the square shaped aperture 
comprises a translucent substrate and a square pattern or a metal plate with a square 

10 aperture. 

42. The illuminatrtm system of claim 35 wherein the shaped illumination pattern 
has a shape selected froii^the group consisting of round, square, and elliptical shapes. 

15 43 . The illumination systein of claim 42 wherein the means for shaping the light 
comprises one or more diffractivi^tical elements- 
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44. The illumination systeAi of cjki5^2 wherein the means for shaping the light 
from the source comprises one Viriore beWi splitters located between the source of 
20 light and the pupil. 



45. The illumination system of claim 44 whereiiKthe optical means for combining 
the shaped illumination pattern comprises a refractive kement for each beam. 



25 46. The illumination system of claim 35 wherein the me\s for shaping an 
illumination pattem comprises a masking aperture comprising: 
a translucent substrate; 

a half-tone dithered image on the substrate, said half-tone ditXered image 
comprising an array of pixels, each pixel of a clear or opaque type and bf the same 

i2 size, said clear and opaque pixels for respectively passing and hlnrlring inXn^nf Maht 

wherein the number, size, and type of the pixels are chosen in accordance wi^ 

(a) the wavelength of light used to illuminate the photomask, anc 

(b) the size and shape of the features of the photomask, for generating 
L- a continuous illumination intonait^ palltil i i on the photo mask with illumihatio r 
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stensity at any location controlled by the half-tone dithered image. 

47. The illumination system of claim 46 wherein the half-tone dithered image 
comprises ariWray of diffraction elements and each diffraction element is a dither 

5 image of clear oKopaque pixels. 

48. The illumination system of claim 46 wherein the square aperture is formed the 
same as the dithered image. 

49. The illuminatiorissystem of claim 47 wherein each diffraction element pixel 
comprises an n x « ditherdd matrix of pixels, the intensity of each element is defined 

1 0 by the number and type of pixels in its dithered matrix and wherein the pixels in each 
matrix are dithered to avoid artijREicts. 

50. The illumination system o^l^A/47 wlj^in the relative intensity of each 
subpixel is defined by a recursion Velattb^slnp where: 

15 



rij 
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D" = 



AD"''^+DloU'''^ AD'K+Dl^U"'^ 



20 where: 
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The illumination system of claim 50 wherein the matrix of pix els comprises ; 
_23t~^y 8 mnlriif nnd tht mlaiive mtensity, D8, coitlpriges : ' 
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52. The system of claim 35 wherein the means for optically integratingUgli 
the pupil is a plurality of fly's eye lenses. 

53. An illumination system comprising: 
a light source for emitting light of selected wavelength(s) in an ogtkSal path 

toward a pupil, 

means for shaping the light from the source into a shappdlllumination pattern 
having one or more zones where the intensity of the lighj^rfithe zones varies to 
produce a shaped illumination pattern fon^acK zoneyWwherein the zone is shaped 
from the group consisting of ellipses, /quai^j^s, ^pped square rings and 
combinations thereof; 

means for optically integrajirifliglif incident on the pupil; and 
optical means for cop»Bmingthe shaped illumination to illuminate a 
photomask. 




54. Thfe illumination system of claim 53 further comprising means for shaping the 
20 li^nto additional patterns selected from the group consisting of circles, squares, 
lleclan gloo and ci r cular rings . . 

ethod for controlling on-axis and off-axis illumination of a photomask 
comprising the steps^ 
25 directing a beam of light oil~selec|e^ wavelength toward a pupil of an 

illumination system; 

passing the beam of light through ally's eye lens loBatedjiear the pupil; 
diffracting the light to form a pattern of illumination intensitymtme^r more 
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^on^wherein each zone has a shape corresponding to shapes selected from the group 
consistin|-0f ellipses, square rings, stepped squares and combinations thereof. 



56. The method olpl^m 55 further diffracting the light beam to form one or more 
5 additional patterns ofji^t iiiteii^ty selected from the group consisting of circles, 
squares, rectangles and circular rin^s. 
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